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Abstract
Aim: The aim of this study is to show the intraosseous changes in the vascularity of the lunate with magnetic resonance imaging (MRI) after radial shortening 
osteotomy (RSO), which is an extra-articular intervention, as well as the effect of the osteotomy level on the vascularity of the lunate.
Material and Methods: Thirty-one patients with a diagnosis of Lichtman Stage II and IIIA Kienböck who underwent RSO were analyzed retrospectively. Among 
these patients, 17 patients who had both preoperative and postoperative MRIs were included in the study. The mean age of the patients was 34.2. (±12.25) 
years. Lunate vascularity was evaluated with diffusion MRI before and after surgery. In addition, the effect of osteotomy level on the blood supply of the lunate 
was also examined.
Results: It was observed that RSO had a positive effect on the vascularity of the lunate radiologically and clinically (94%). Especially in patients with osteotomy 
level between 20-24 mm, the increase in vascularity was more evident than in other patients.
Discussion: In this study, although clinical improvement was detected in the majority of patients (94%) after RSO, only 58.9% of the patients showed increased 
vascularity of lunate, suggesting that the osteotomy level has an effective role in increasing the vascularity to the lunate.
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Introduction
The etiology of Kienböck’s disease is still controversial since 
Robert Kienböck first identified the disease [1]. Lunatum is 
at risk of osteonecrosis due to disruption of the venous flow 
network and limited collateral blood flow. In addition, the 
presence of negative ulnar variance accelerates the progression 
of the disease morphologically [2]. A number of treatment 
strategies have been described in the literature according to 
the stage of the disease [3-7].
At an early stage of the Keinböch disease treatment algorithm, 
decompressive methods are more recommended [6-7]. 
Especially in patients with negative ulnar variance in whom 
wrist arthrosis does not develop, radial shortening osteotomy 
(RSO) and radial closed-wedge osteotomy are suggested to 
prevent the worsening of the disease by reducing the force 
transmitted to the lunate. In the literature, it was reported 
that positive results were obtained clinically and radiologically 
[8-10]. Blanco et al. suggested that radial osteotomy alone 
even without shortening, could improve arterial blood flow 
and venous drainage in the wrist, and improve vascularity 
around the lunate and has good clinical results [11]. To the 
best of our knowledge, there is no study in the literature that 
evaluates correlation between the vascular changes in the 
lunate after RSO with the osteotomy level and demonstrates 
it radiologically with Magnetic Resonance Imaging (MRI). We 
think that determining the optimum osteotomy level will have a 
more positive effect  on the blood supply of the lunate. The aim 
of this study is to reveal the intraosseous therapeutic effect of 
RSO applied as an extra-articular procedure on the vascularity 
of the lunate using MRI in Litchman Stage 2 and 3A Keinböch 
patients, and to investigate the effect of the osteotomy level on 
the vascularity of the lunate.

Material and Methods
In this study, 31 patients who underwent RSO for Stage 2 
and 3A Kienböck’s disease in our clinic between January 2012 
and January 2020 were retrospectively analyzed. Our study 
was performed with the approval of the hospital’s local ethics 
committee. Patients with pre- and postoperative MRI and 
clinical follow-up of more than 2 years were included in the 
study, while patients who did not meet these criteria or had 
other wrist pathology, had no union, and had additional wrist 
trauma were excluded from the study. The study included 17 
patients who met the criteria. The mean age of the patients was 
34.2 (18-53) years. Ten (58.8%) of these patients were male 
and 7 (41.2%) were female. Eight (47.1%) of these patients 
had stage 2 and 9 (52.9%) had stage 3A Keinböck disease. 
The mean follow-up time was 52.4 months (24-69). The mean 
negative ulnar variance was -1.8 mm (-3.4-1.0). Preoperative 
and postoperative MRIs were compared by an experienced 
independent radiologist, and vascular changes in the lunate 
bone were evaluated according to criteria  established by Lee 
et al. (Table1). Radius osteotomy line levels were measured 
from the distal edge of the radial styloid at plain radiographs. 
The mean osteotomy level was calculated as 25 mm (17-58 
mm). The amount of shortening was determined by calculating 
the negative ulnar variance preoperatively. The operations 
were performed by a single experienced surgeon. In the early 

postoperative period, the patients were followed up for 1 month 
using a splint. Wrist rehabilitation protocol was started after 
splint removal in all patients. Visual Analogue Scale (VAS) scores 
were recorded before and after surgery. In the follow-up, the 
clinical conditions of the patients were evaluated periodically 
by looking at the VAS score. In only one patient, the implants 
were removed voluntarily, although there was no additional 
complaint.
The data obtained from the research were transferred to the 
SPSS (Statistical Package for Social Sciences) v.18.0 package 
program for statistical analysis. The relationship between 
increased vascularity and VAS scores used in clinical evaluation 
was evaluated using correlation analysis. The t-test was used 
to compare preoperative and final follow-up measurements.  
P<0.05 was considered statistically significant.

Results
No complications (neurovascular injury, infection, nonunion) 
were observed in 17 patients during the follow-up. While clinical 
complaints were decreased in 94% (16/17) of the patients, an 
increase was observed in the complaints of 1 patient. The mean 
preoperative VAS score was 7.8 (6-9). The mean VAS score of 
the patients at the last follow-up was 2.3 (1-9) (Table 2). While 
significant increase in blood flow was observed in 10 (58.9%) 
patients, there was no increase in blood flow in 6 (35.2%) 
patients. Decreased lunate blood flow and increased disease 
stage and fragmentation were observed in 1 (5.9%) patient. 
In this patient, the osteotomy level was 58 mm. Although the 
increase in blood supply in the lunate was more prominent in 
patients with osteotomy level between 20-24 mm compared to 

Table 1. Analysis of lunate bone changes in MRI [17].

Classification Description

Bone fragmentation 
and collapse

Progression Progress in fragmentation and collapse

No change No definite change in fragmentation or 
collapse

Healing Signs of fusion or increased lunate height

Blood flow 

Decrease Contrast decrease in lunate bone

No change No definite change in vascularity

Increase Contrast enhancement in non-contrast-
enhanced parts of the lunate bone

Figure 1. A: Postoperative anteroposterior wrist X ray of RSO 
procedure, B: Preoperative fat saturated CoronalT2 sequence 
wrist MRI of Kienböck’s Disease, C: Postoperative fat satureted 
Coronal T2 sequence wrist MRI of Kienböck’s Diseaase 13 
months after operation.
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other patients, no statistically significant difference was found 
(p=0.645) (Table 3). None of the patients developed lunate 
collapse or wrist arthrosis (Figure 1).

Discussion
In this study, although clinical improvement was detected in 
the vast majority of patients (94%) after RSO, only 58.9% of 
the patients had increased blood supply in lunate. In patients 
with osteotomy level of 20-24 mm, the increase in blood supply 
was more evident, but there was no statistically significant 
difference between the increase in blood supply and the 
osteotomy level (p=0.645). Although our obtained outcomes are 
consistent with similar literature data, we think that different 
studies should be done to determine the optimum osteotomy 
level that will increase the blood flow of the lunate.
RSO is generally preferred in the treatment of Lichtman Stage 
2 and 3A disease [10,12]. The aim of RSO is to reduce the 

load on the lunate. In addition, theoretically, it is also aimed 
to increase the vascularization of the lunate. There are many 
studies investigating vascular changes in the lunate after RSO 
[13-15]. Nakamura et al. reported that as a result of a 3-year 
follow-up of 24 patients who underwent RSO or radial wedge 
osteotomy, there was an increase in signal in both T1 and T2 
sequences on MRI in 79.2% (19/24) of the patients [13]. On the 
other hand, Matsui et al. showed increased vascularity of the 
lunate during at least 10 years of follow-up in 7 (70%) of 10 
patients who underwent radial shortening osteotomy [15]. In 
our study, this rate was found to be 58.9% (10/17). In addition, 
studies demonstrating the success of radial osteotomy 
have hypothesized that even only radial osteotomy without 
shortening improves symptoms by changing the local vascular 
environment [11,16].
While investigating the effect of RSO on the vascularity 
of lunate, no study was found in the literature in which the 
optimum osteotomy level was determined. Our study is unique 
in terms of contribution to the literature, as we also evaluated 
the effect of osteotomy level on blood flow. Especially in all 
10 patients (100%) with an osteotomy level of 20-24mm, both 
clinical complaints and radiological increase in blood flow were 
detected, suggesting that the osteotomy level is important in 
the healing process.
There are studies in the literature describing lunate 
revascularization after RSO radiologically. Various methods 
such as radiography, computed tomography (CT), and MRI 
have been usually used to evaluate radiographic results and 
increase in blood flow, after RSO [17-20]. Evaluation of the 
lunatum with simple radiographs is not sufficient to evaluate 
Kienböck’s disease after treatment. In this study, MRI was used 
to evaluate the vascularization status after RSO. Gadolinium 
(Gd)-MRI provides direct visualization of perfusion and is 
suitable for investigating the vascularity of the lunate [21]. Both 
preoperative and postoperative Gd-MRI showed significantly 
increased revascularization in the lunate in 10 (58.9%) of 17 
patients. It was also observed that the perfused volume of the 
lunate increased significantly. This finding suggests that RSO 
induces an increase in vascularization as well as a decrease in 
the load on the lunate.
In addition to osteotomy, the absence of increase in blood 
supply despite shortening in all patients suggests that there 
are some other factors affecting blood supply. For example, 
Lunate types were not taken into account in the evaluation in 
this study. We think that different results may arise due to the 
fact that bone shapes with different anatomical features may 
affect the intraosseous pressure to which the lunate is exposed. 
Also, since we made the shortening amounts according to the 
negative ulnar variance, shortening was not performed at the 
same rate for each patient. We think that this situation may 
also affect our results.
The present study had several limitations. First, we used a 
retrospective method that limits the level of evidence. Secondly, 
the number of our patients was not sufficient to allow subgroup 
analysis in terms of parameters that may affect the results such 
as age, gender and smoking. However, as the number of cases 
increases, comparative studies with the control group who only 
underwent osteotomy without radial shortening may reveal the 

Table 3. Demographic data of patients, osteotomy levels, 
postoperative Litchman stage and MRI signal changes

Patient no Sex  Age 
Osteotomy 

level
Preop 
stage 

Postop 
stage

MRI signal 
change

1 M 44 21mm IIIA IIIA ↑

2 F 26 58mm II IIIA ↓

3 M 39 24mm IIIA IIIA ↑

4 M 19 18mm IIIA IIIA ↔

5 M 27 24mm II II ↑

6 F 30 20mm II II ↑

7 M 53 21mm IIIA IIIA ↑

8 M 35 17mm II II ↔

9 F 46 20mm II II ↑

10 F 43 21mm II II ↑

11 F 39 22mm IIIA IIIA ↑

12 M 24 18mm IIIA IIIA ↔

13 M 30 22mm II II ↑

14 F 18 22mm II II ↑

15 M 42 32mm IIIA IIIA ↔

16 M 25 33mm IIIA IIIA ↔

17 F 42 32mm IIIA IIIA ↔

M: Male, F: Female; ↑: Bone marrow signal increase; ↓: Bone marrow signal decrease; ↔: No 
change in bone marrow signal

Table 2. Preoperative and final follow-up VAS scores of the 
patients
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VAS: Visual Analogue Scale
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effect of shortening on blood supply more clearly.
Conclusion
The results of RSO performed in patients with negative ulnar 
variance in Stage 2 and Stage 3A Keinböch disease are clinically 
and radiologically satisfactory. The radiological increase in blood 
flow and the fact that the disease stage has not progressed, 
especially in all patients (100%) with an osteotomy level of 20-
24 mm, shows that the osteotomy level has an important role 
in the healing process. However, it is obvious that multicenter 
clinical studies should be conducted to determine the optimum 
osteotomy level.
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